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Each YEAH, ovek 182,O0O women in the United States arc 
diagnosed with breast' cancer, and approximately 45»000.die 
of the diseased Incidence appears to be increasing in the 
United States at a rale of ro^i^y 2% per year. The reasons 
for the uiCTease are uncleiar, but non-genetic risic ikctors appear 
- to play a laige role."^ 

Hve-year survival rates range fhrni approximately 65%^ . 
85%» depending on demogfaphic group,'. with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the favors most predic- 
tive for recioniBnce once a diagaqsts of breast .canc^ Iub been 
made is the number of axillary lymph' nodes to ig^icli tumor 
has metastasized. Most noderposiliye women arc given adju-. 
vant tbenipy, which increases their survwaL However/20%- 
30% of patients without axillary node invdlvement also 
develop recurrent disease,.and the dilGBcallty lies in how to iden- * 
tiiy this high-risk subset of patients, These patients could 
benefit from ijicreased surveillance, early intervention, and 
treatment . * . ' 

Prognostic marters currently used hi breast cancer recui^ 
rence prediction include tii.mor size, histological grade, steroid 
hormone receptor status* DNA ploidy, proliferative index, and 
cathepsio D status. Expression of growth factor receptors and 
over*^xpression of the H£R»2/neo oncogene have also been 
identified as having value regarding treatmeAt regimen pnd 
prognosis* 

H£ft-2/ni^u (bIso known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is hoinologous 
to, but distinct fionSp the epidennal growth factor recq>tor. 
Numerous studies . have indicated tfiat high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
-survival. TJie gene has been shovra to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%h50% of intraductal breast caicinoma.3 

There are two distinct FDA-approved methods by. which 
HBR-2/neu status cfan be evaluated: imniunobistochemistiy 
(IHC, Het^cepTest^ and FISH (fluorescent in situ hybridiza- 
tion, PathVysibn^M Kit). Both methods can be performed on 
archived arid current specimen^. The first mediod allows visual 
assessment of the amount of H£R-2/neu protein present on 
the cell membrane. The lattermethoid.allows direct quanti^- 
cation of the level of gene.ampUfication present in the tumot; 
enabling differentiation between low- versus high-amplifica- 
ticm. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age for 
low- versus bigh-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 1 6.7% for 
patients with no H£k-2^eu gene amplification.^ BBl^-2/nett 

smtus may be particulady importantlo establisib hi wornen wi^ 
small I cni) tumor size. 

The.choice of metiiodology for detetinfaiation of ISEBirli 
neu stams depends in pairt on the clinical setting. FDA approval 
fctr the Vysis FISH test was granted based on clinical biais 
uxvolvinffl 1549 node-positive liatients. Patients received one 
of three diffcsreot treatments consisting of different doses of 
^cyclophosphamide, Adriamycin* and 5-fluorouracil (CAF),. 
The stu^ showed that patients with amplified HHl<r2/neu 
benefited from treatrnent with higher doses of ^driamycin- 
based thmp^ while those with normal H£R-2/neu levels did 
not The study fhe^fo^e identified, a sublet of women, who 
because they did not benefit firom more aggressive treatment, 
did not need to be exposed to the associated. side effects. In. 
addition, other evidence indicates that HER-2/neU aznpljfica- 
tibft ii) node-negative patients can be used as an ]ndepend.ent 
prognostic indicator for eafly recurrence, recunent diaeiase at 
any time. and disease-related death.^ Demonstration of PIER^ 
2Meu gene, amplification by FISH has also been shown to be 
of value in predxpting response to cliemotherapy in stage-2 
breast canber patients. 

Selectior) of patients for Herceptin^ (TVastuzuniab) mono- 
clonal antibody therapy, howev«v ^ based upoii demens^i* 
tion of H£Ii-2Meu protdn oveiexpr^ion using HqpcepTest™^ 
Studies using Hereeptin^ in patientp with metastatic breast 
cancer show an increase in time to disease progression, 
increased respoxise rate to chemotherapeutic agents and a small 
increase in overall survival rat^. The flSH assays have nqt yet 
beat approved for this purpose, andsitudles looking at resp onse 
to Hereeptln^ in patients with or without gene amplification 
status determined by FISH are iii pfoipress. 

In general, FISH and IHC results correlate wdl. However, 
. subsets of tumors are found which show discordant results; 
i;e., protein overexpfessiOn without gene amplificatioh or lack 
of protein oyerexpressiOn with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, H£R-2/neu testing at SHMCYPAML wUt utiV 
lize inomunohistochemistry (HerceplbstO) as a screen, fol- 
lowed by fJSH in IHC-negative cases. Alteraadvely, either 
method ma^y be ordered individually depending on fte clini- 
cal setting or clinician preference. 
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CPT code information 

HER<>2/aeuvjaIHC 

B8S42 (indttding intei|rretive tepdrt) 



.HER-2/iiei| via FISH 3 

'88271x2 Molecular cytogenetfcs,DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- ^ 

iziation, analyze 25-99 cells 
88291. Cytogenetics and molecular cytogenetLcSj inteipre^ 

fstioD and! report 5 

Procedural Information 

Imixittnohistochemistxy is performed using the FDA-approVed 
&AKO antibody kit; HexceptestO. The DAKO kit contains 
reagents required to complete a two-step immunohisto* 
cheihi^al staining procedure forToutinely processed, paraffin- 
cmbed4ed specimens. .Following incubation wjth the primaiy • 
rabbit antibody to human HER*2ykkett protcin> kU employs , 
a reacty-to^ijise dextran-based visnalization reagent: This re- 
agent consists of both secondaiy goat anti-rabbit antibody ' 
molecules with horseradish peroxidase molecules linked .to a. 
coimcm dextrim polynierbackb(me, tlw elimi^ 
. for sequential application of link antibody and perossidase 
conjugated antibody* En^matic conversion of the subse- / 
quently added chromogen results in formatfon of visible 
reacdon product at theantigen site. The vpechnoi is then conn* 
tmtained; a pathologist using light*-microscopy inteiprcts . 
.results. 

FISH analysis ^t SHMC/PAML is performed using the 
FDA-appibvcd PathVysion™ HBR-2/neo DNA probe kit, pro- 
duced by Vysis, Inc. Fomialin fixed, pajraf&>*embedded breast 
tissue is processed using tontine histological methods, and then 
slides are treated to allow hybridization of PNA probes to the 
nuclei present in the tissue section. The Pathvysion^ kit con- 
tains two durect-labeled DNA probes, one specifie for the 
alphoid repetitive DNA (CEP 17, .^peclrpra orange) present at 
the cbromosoine4?;^ente6inere and the second for the HER- 
27neu oncogene located at i7ql 1 .2-1 2 (spectrum green). Enu- 
meration of the probes allows a tatio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to . 
be obtained; this enables quantiiication of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene ampliiication. The clinically 
relevant distinction is whe^er the gene aniplification is due 
to increatSed gene' CQpy number on the two chromosome 17 
. homolbgues normally present or an increase in the ninnber.of 
chromosome J75 lii this cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed ^d reported ftom the Vysis-certified Cytogenet- 
ics Uboratoiy at SHMC. 
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